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ABSTRACT 

Several modifications of a powder-hygroscopicity method have been tried as a 
rapid means of determining the serviceability of optical glasses, i. e., their ability 
to maintain a clear polished surface under normal conditions of service. The 
method has been applied to a wide variety of glasses, and it shows the typical 
optical glasses in common use to be much less hygroscopic than the average 
commercial sheet and container glasses. In fact, many of the optical glasses 
even compare favorably with the better chemical laboratory wares, such as Pyrex, 
Tamworth, and Kimble N-51-a. This grouping of these glasses of such very 
dissimilar chemical durabilities serves well to emphasize that thocapacity of aglassto 
maintain a clear surface upon exposure to the atmosphere, and its chemical dura- 
bility as conventionally determined are two inherently different properties. A 
comparison of the hygroscopicity values of the Corning 015 electrode glass with 
those of the optical and chemical ware glasses whose electrode capacity is very 
poor suggests strongly that the pH response of a glass is primarily a function of 
its hygroscopicity. Tests made on a limited number of glasses of the binary 
series Na 2 0-Si0 2 , K 2 0-Si0 2 , Li 2 0-Si0 2 , and PbO-B 2 On appear to reflect some of 
the critical compositions of the respective phase equilibrium diagrams. 
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I. INTRODUCTION 

The serviceability of optical glasses, namely, the ability to maintain 
a clear polished surface under normal service conditions, is too often 
confused with the general subject of the "chemical durability'' of 
glasses. However, as some of the common optical glasses are known 
to possess poor chemical durability over a wide range of conditions [l], 1 
but still render excellent service, it is evident that many of the methods 

1 Figures in brackets indicate the literature references at the end of this paper. 
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proposed for determining chemical durability [2] throw little or 
no light on the problem of serviceability. By far the largest percentage 
of optical glasses are exposed to the air throughout their life of service. 
Of the chemical constituents in the atmosphere that can affect glasses 
adversely, all of them generally react through an ionizing medium, of 
which water is the most familiar and one which is always present. 
From these simple considerations, general experience [3] and a limited 
quantity of contradictory data on the adsorption of water by glass 
[4], it appears probable that the hygroscopic nature of an optical 
glass is the primary factor with which serviceability is concerned. 

II. EXPERIMENTAL PROCEDURE 

The quantity of water vapor "sorbed" 2 [5] on a flat polished surface 
by many glasses is so slight that its magnitude cannot be readily 
determined by means of the ordinary analytical balance. In order 
to increase the exposed surface sufficiently to obtain adequate sensi- 
tivity, the glasses were crushed in a steel mortar and passed through 
a No. 150 sieve, 0.104-mm opening. A known quantity, approximately 
1.5 g, of this powder dried at 110° C was then exposed in a shallow 
weighing bottle to controlled humidity conditions and the increase 
in weight obtained. 

Several modifications of the exposure were tried: 

1. A limited number of glasses of the binary series, Na 2 0-Si0 2 , 
K 2 0-Si0 2 , and Li 2 0-Si0 2 , were exposed in a glass desiccator vessel, the 
base of which was filled with distilled water. A uniform high humidity 
within this chamber was maintained by means of an aspirator drawing 
air through a Milligan gas- washing bottle filled with distilled water. 

2. A set of glasses of the PbO-B 2 3 series were exposed to 98-percent 
relative humidity obtained by a saturated solution of CaS0 4 .2H 2 0. 3 

3. A number of characteristic commercial glasses, including three 
typical optical glasses, were exposed to 95-percent relative humidity 
maintained by a saturated solution of Na 2 HP0 4 .12H 2 0. 3 

In procedures 2 and 3 the humidity chamber was placed in an air 
bath thermostated at 25° C, and the atmosphere in the chamber itself 
was circulated by means of a small fan mounted in the ground-glass 
cover. 

To make comparisons between glasses of different densities, the 
values are reported in terms of water sorbed per calculated equal 
surface exposed, i. e., water sorbed per cubic centimeter of powder, or 
stated in terms of known factors, water sorbed times density divided 
by weight of sample. 



i Following the suggestion of McBain, the term "sorption" is used to express the results, regardless of the 
mechanism manifested. However, it is helpful in interpreting the data to remember that if equilibrium is 
not attained quickly one is not dealing with pure adsorption but also with a solution of the vapor in the 
interior of the solid (absorption) or an ordinary chemical reaction [6, p. 109]. 

* Although the relative humidities obtained by means of saturated salt solutions are not considered very 
reliable, they furnish an easy means of comparing the hygroscopicitics of glasses on a relative basis. Causes 
of uncertainties lie in the difficulty of obtaining equilibrium rapidly and also in the sudden changes in 
realtive humidity arising at the moment a solution forms a crust over the surface. 
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III. RESULTS AND DISCUSSION 

1. GLASSES OF FOUR BINARY SYSTEMS 
(a) NaaO-SiOj, KjO-SiOa, LijO-SiOa 

The data plotted in figures 1, 2, and 3 4 show the water sorbed- 
percentage composition curves for glasses of the binary systems 
Na 2 0-Si0 2 , K 2 0-Si0 2 , and Li 2 0-Si0 2 , exposed from 1 to 6 days to the 
humidity maintained by the aspirator procedure. The results obtained 
and the composition of these glasses are listed with the respective 
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Figure 1. — Water sorbed by Na 2 0-Si0 2 glasses as a function of their composition, 
after exposures of 1 to 6 days in the aspirator chamber. 



* Analyses made by F. W. Glaze of glasses'prepared by C. A. Faick. 
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figures. All of the glasses of higher alkali content for the Na 2 0-Si0 2 
and K 2 0-Si0 2 series became moist and some of them even went into 
solution. Nothing resembling an equilibrium value was attained 
after 6 days, indicating that true adsorption plays but a minor role 
and that absorption, reaction, and deliquescence are the predominating 
factors. The magnitude of the sorbed moisture correlates well with 
the known fact that the ability of these glasses to maintain a clear 
polished surface is very poor, but improves with increase in silica 
content. 

For the Na 2 0-Si0 2 series, the curve for composition plotted against 
water sorbed (fig. 1) gives indications of breaks that suggest the eutec- 
tic compositions of the phase-equilibrium diagram [7]. As these 
breaks persisted throughout the succeeding days of the test and were 
also characteristic of the K 2 0-Si0 2 series [8] (fig. 2) and the Li 2 0-Si0 2 



Wafer corbel, mV/tgrams per c/rf 




Figure 2. — Water sorbed by K 2 0-Si0 2 glasses as a function of their composition, 
after exposures of 1 to 6 days in the aspirator chamber. 
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-Water sorbed by Li 2 0-Si0 2 glasses as a function of their composition, 
after exposwes of 1 to 6 days in the aspirator chamber. 



series [9], (fig. 3), it is probable that the results have some qualitative 
significance. This is further substantiated by the observation that 
the breaks indicated are essentially those shown by the more precise 
data for the densities of these same glasses published by F. W. Glaze 
and his colleagues [10, 11], and for index of refraction on the Na 2 0- 
Si0 2 glasses [12]. 

The Li 2 0-Si0 2 glasses sorbed much less water than did the Na 2 0- 
Si0 2 and K 2 0-Si0 2 series, and, in fact are known to be far superior to 
the latter in their ability to maintain a clear surface. Although the 
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Figure 4.- 
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-Reversible and irreversible water for Li 2 0-Si0 2 glasses after 6 days of 
exposure in the aspirator chamber. 



370 Journal of Research of the National Bureau of Standards 



plotted data show the results to be somewhat erratic (fig. 3), yet 
throughout the 6 days of exposure discontinuities are maintained at 
compositions suggesting the eutectic of the phase equilibrium diagram 
[9], The smaller portion of the water sorbed was readily reversible 
at room conditions, while the larger percentage was not reversible 
even at 110° C for 24 hours. The values obtained for the reversible 
and irreversible water after 6 days of exposure are listed and plotted 
in figure 4. The breaks of these curves are also qualitatively 
in accord with {the density measurements on this series of glasses 
[11], which reflect the critical compositions of the phase-equilibrium 
diagram. 

(b) PbO-BaOs GLASSES 

A series of lead oxide-boric oxide glasses 6 were also tested for their 
hygroscopic properties. A preliminary test indicated that sorption 




Figure 5. — Water sorbed by PbO-B 2 03 glasses as a function of their composition 
upon exposure to 98-percent relative humidity (approx.) at 25° C. 

at 95-percent humidity would be so slight for certain members of the 
group that exposure to 98-percent humidity would be more desirable. 
The results obtained are listed in table 1, and values for the 1- and 
2-hour exposures are plotted in figure 5. Near 90 percent of PbO 
there is a sudden increase in hygroscopicity with increased lead oxide 
content, as well as a strong tendency of these glasses to devitrify. 
There is also a region of increasing hygroscopicity for the glasses at 
PbO contents lower than 65 percent. Between 80 and 92 percent of 
PbO there is some indication of discontinuities in the plotted data for 
the 1- and 2-hour exposures. The compositions indicated can be 
rationalized with some pronounced critical points of the phase equi- 

l Prepared and analyzed by Leo Shartsis in partial fulfillment of the requirements for the degree of Master 
of Arts, George Washington University, February 1942. 
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Librium diagram [13]; however, the paucity of data and the com- 
plexity of the PbO-B 2 3 system make further evidence desirable. Not 
all the water sorbed by these glasses is reversible. The glasses of 
extremes in composition retain a large percentage of the water sorbed 
in 16 hours, with the glass of highest PbO content retaining the most. 

Table 1. — Water sorbed (mg/cm z by PbO-B 2 3 glasses at 98-percent relative 

humidity, 25° C 



Glass 


Density * 


Water sorbed dur- 
ing exposure for— 


Irreversible 

water (at 

110° C) after 

16-hr exposure 


PbO 


BaOs 


lhr 


2hr 


Percent 
51.71 
56.25 
60.99 
66.50 
70.70 
75.50 

79.93 
82.08 
84.14 
85.98 
88.05 
89.86 
91.91 


Percent 
48.29 
43.75 
39.01 
33.50 
29.30 
24.50 

20.07 
17.92 
15.86 
14.02 
11.95 
10.14 
8.09 


3.67 
3.97 
4.32 
4.76 
5.12 
5.56 

5.99 
6.21 
6.42 
6.62 
6.85 
7.05 
7.28 


34.2 
25.9 
17.0 
9.7 
9.9 
9.7 

9.3 
7.9 
8.4 
9.1 
9.5 
12.6 
20.6 


74.7 
46.8 
24.9 
16.6 
13.2 
13. 

12.0 
10.8 
12.5 
14.3 
16.1 
26.1 
85.4 


83.9 
2.6 






2.0 
2.7 
4.2 

9.0 
35.5 
108.0 



i Calculated by the equation (% PbO)»/lG00+2=dcnsity [13]. 



2. COMPARISON OF SOME TYPICAL OPTICAL AND OTHER 
COMMERCIAL GLASSES 

The results obtained on a group of typical glasses (composition, 
table 2) exposed to 95-percent relative humidity for 1-, 2-, 4-, and 16- 
hour periods are listed and plotted in figure 6. As these glasses could 
not all be tested at one time, the glass from a dish that had failed to 
maintain a clear surface upon exposure to the atmosphere was in- 
cluded in both series. The samples for this glass were from inde- 
pendent screenings, and although they gave very satisfactory checks, 
they undoubtedly give an overly optimistic picture of reproducibility. 
Hence, for the purpose of ascertaining the serviceability of an unknown 
glass, it is necessary that reference glasses, such as the unsatisfactory 
dish and the satisfactory goblet, be included for comparison. 

The most interesting feature of the results is the position occupied 
by the optical glasses. The hygroscopicity test compares them favor- 
ably with the better chemical laboratory glasswares, such as Pyrex, 
Tamworth, Kimble N-51-A, and fused silica, a position they do not 
achieve in chemical durability tests [1]. Yet this juxtaposition of 
these very dissimilar glasses serves well to emphasize that the ability 
of a glass to maintain a clear surface upon exposure to the atmosphere, 
and its chemical durability as conventionally determined are two 
inherently different properties. 

The Corning 015 glass used so successfully for glass electrodes T14] 
exhibits a high sorbing capacity, which undoubtedly contributes to 
its low electrical resistance and other desirable electrical properties 
[15, p. 78]. The glasses of intermediate sorbing capacity, such as the 
American Ceramic Society bottle No. 1 [16] window glass, etc., show 
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Table 2. — Compositions (in percent) of some optical and other glasses tested for hygroscopicity 

[Calculated from batch compositions, unless otherwise noted] 



Glass 


Density 


Si0 2 


B2O3 


P 2 5 


AI2O3 


AS2O3 


Sb 2 3 


PbO 


ZnO 


CaO 


MgO 


BaO 


K 2 


Na 2 


R 2 3 


Corning 015 [14, 15] 


2.5 
2.5 

2.8 

2.5 
2.5 

2.5 
2.5 
2.5 
3.6 
3.67 

3.20 
2.23 
2.21 
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a Glasses furnished by A. E. Williams. 

b Analysis made by Leo Shartsis. 
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Figure 6.- 



-Comparison of optical and commercial glasses exposed to 95-percent relative 
humidity (approx.) at 25° C. 



reasonably satisfactory performance as glass electrodes but are not 
nearly so sensitive as the 015 glass. Further, the glasses that have 
very low sorption values are completely unsatisfactory for general 
glass electrode work, for example, the BaC 572, F 620, BSC 517, 
Pyrex, and fused silica. 

IV. CONCLUSIONS 

The powder hygroscopicity method has been tried on glasses cover- 
ing a wide range of compositions and industrial uses. It offers con- 
siderable promise as a pertinent test for the serviceability of optical 
glasses, i. e., the ability to maintain a clear surface upon exposure to 
the atmosphere. It also possesses the unique advantages of simplicity 
and speed of determination. It readily differentiates between the 
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glasses in common use and demonstrates that these glasses exhibit a 
very wide range of hygroscopicities, from the Corning 015 electrode 
glass, whose pH function and low electrical resistance are dependent 
upon its hygroscopic nature, through the container and sheet glasses 
that for purposes of fuel economy and ease of working are made "just 
good enough to get by," to the optical and chemical-ware glasses, 
whose usefulness depends upon the fidelity and permanence of their 
surfaces. The serviceability of glass surfaces as exposed to air is 
difficult to appraise, requiring much time for even a rough estimation 
but, within the limits of this uncertainty, the ability of glasses to 
maintain optically clear surfaces is approximately in the inverse order 
to the rate at which water is sorbed by new surfaces. 
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